Dermatophilus congolensis, the aetiological agent of dermatophilosis, is a pleomorphic, Gram-positive actinomycete, which infects animals and humans. Often, there is a wrong diagnosis of the infection in animals because of the close resemblance of the organism with other members of the family Actinomycetaceae. In this study, molecular tools were applied to suspected isolates of D. congolensis obtained from naturally infected cattle in Nigeria for confirmation of dermatophilosis. DNA extraction from 54 suspected pure colonies of D. congolensis was carried out using the QIAamp â DNA Mini extraction kit. PCR targeted at the 16S rRNA gene was employed for the confirmation of D. congolensis using 5 0 -ACATGCAAGTCGAACGATGA-3 0 and 5 0 -ACGCTCGCACCCTACGTATT-3 0 as forward and reverse primers, respectively. Positive amplicons were then sequenced directly using Big Dye Terminator Cycle Sequencing Kit with the forward primers and AmpliTaq-FS DNA Polymerase. Nucleotide sequences were aligned using BIOEDIT (Ibis Biosciences Carlsbad, CA USA) and the phylogenetic analysis was carried out using MEGA 5.2 (Center for Evolutionary Medicine and Informatics, The Biodesign Institute, Tempe, Arizona, USA) software programme. The aligned nucleotide sequences of 10 positive D. congolensis isolates had between 94% to 99% homology with the sequences of D. congolensis satellite DNA in GenBank. This result also revealed that the sequenced D. congolensis are of different strains. Phylogenetic analysis revealed that D. congolensis, though closely related to Nocardia brasiliensis (NR 074743.01) and Streptomyces sp. (JN 400114
Introduction
Dermatophilus congolensis, the aetiological agent of dermatophilosis (lumpy wool, mycotic dermatitis, streptotrichosis, streptothricosis, kirchi), is a pleomorphic, Gram-positive actinomycete which primarily infects the epidermis of many species of animals, and humans (Pal & Matsusaka 1993; Hirsh et al. 2004) . It presents as a chronic or acute exudative dermatitis with scab formation on the skin. The disease had been reported to be more severe in ruminants and is of particular importance in the tropics and sub-tropics where it can cause substantial economic losses (Zaria 1993; Aning & Koney 1996; Ambrose et al. 1999; Makinde et al. 2001) . The diagnosis of dermatophilosis is routinely made using conventional methods like clinical signs, direct smear and isolation of the organism, other methods such as serology and animal inoculation have been employed, though they are not used routinely (Makinde et al. 1991) . Generally, difficulty abounds in confirming cases of dermatophilosis due to close resemblance of the organism with other members of the family Actinomycetaceae (Makinde et al. 2001) . Isolates of D. congolensis obtained from different animal species have also been found to react differently to biochemical test reagents thereby giving inconsistent/variable reactions that are not specific for characterization and identification of the organism. For example, varying results have been reported by different researchers with maltose, sucrose, galactose and fructose and other reagents (Van Sacegham 1934; Macadam & Haalstra 1971; Gordon 1976) . The tendency of a mixed infection and or difficulty in isolating the organism from field cases using the conventional techniques is the impetus for a search for a more efficient diagnostic approach. In this study, we employed molecular techniques to authenticate field isolates of D. congolensis obtained from natural disease outbreaks and made attempts at elucidating the evolutionary relationships between the strains of D. congolensis and other key members of the family Actinomycetaceae that can mask the diagnosis of the infection.
Materials and methods

Source of isolates
Fifty-four suspected isolates of D. congolensis obtained from infected cattle in Abeokuta, Ogun State and Ilorin, Kwara State Nigeria were examined in this study. The isolates were from skin scrapings collected from clinically infected cattle at a major abattoir in Abeokuta and from nomadic cattle herds in Ilorin.
Dermatophilus congolensis detection by PCR
Dermatophilus congolensis was diagnosed using PCR according to the method described by Shaibu et al. (2010) .
DNA extraction
Genomic DNA extraction was carried out using the QIAamp â DNA Mini extraction kit (Qiagen Inc.
Valencia, CA USA) according to the manufacturer's protocol. Suspected bacterial colonies were inoculated in buffered peptone broth and incubated for 24 h at 37°C. Bacteria were pelleted by centrifugation for 10 min at 5000 9 g (7500 rpm) and the pellets were suspended in 180 lL of enzyme solution (20 mg mL À1 lysozyme; 20 mM TrisÁHCl, pH 8.0; 2 mM EDTA; 1.2% Triton). This was incubated for 30 min at 37°C. To the solution, 20 lL of proteinase K and 200 lL of Buffer AL were added. This was completely mixed by vortexing. The mixture was incubated at 56°C for 30 min and then for a further 15 min at 95°C. To this solution, 200 lL of ethanol (100%) was added and mixed again by pulse-vortexing for 15 s.
The mixture (including the precipitate) was applied to the QIAamp Mini spin column (in a 2 mL collection tube) and centrifuged at 6000 9 g (8000 rpm) for 1 min. The spin column was then placed in a clean 2 mL collection tube, and the tube containing the filtrate was discarded. Five hundred microlitres Buffer AW1 was added to the spin column and the mixture centrifuged at 6000 9 g (8000 rpm) for 1 min. The spin column was placed in a clean 2 mL collection tube, and the collection tube containing the filtrate was discarded.
To the solution in the spin column, 500 lL Buffer AW2 was added and centrifuged at full speed (20 000 9 g; 14 000 rpm) for 3 min. The spin column was placed in a new 2 mL collection tube and the old collection tube with the filtrate discarded. This was centrifuged at full speed for 1 min. The spin column was placed in a clean 1.5 mL microcentrifuge tube, and the collection tube containing the filtrate discarded. Two hundred microlitres of Buffer AE was added and the solution was incubated at room temperature for 1 min before being centrifuged at 6000 9 g (8000 rpm) for 1 min. The eluted DNA was collected in a clean 1.5 mL microcentrifuge tube and stored in a refrigerator until further use.
The PCR assay
The primers used for the PCR assay were designed from the 16S rRNA gene of an isolate of D. congolensis in the GenBank according to the method described by Han et al. (2007) . The sequences of specific primers used in this study were 5 0 -ACATG-CAAGTCGAACGATGA-3 0 and 5 0 -ACGCTCG-CACCCTACGTATT-3 0 (synthesized by Bioneer Incorporation Alameda, CA, USA) as forward and reverse primers, respectively. DNA extracted from the suspected D. congolensis was used for the amplification, which was targeted at 500 bp fragment of the 16S rRNA gene of the organism. This was done in a total reaction mixture of 25 lL, consisting of buffer (2.5 lL), Mg 2+ (1.0 lL), primer (0.3 lL each), dNTPs (0.8 lL), Taq (0.4 lL), sample DNA (1.0 lL) and nuclease free water (18.7 lL).
With the use of a thermo cycler, the DNA was initially denatured at 95°C for 1 min, followed by denaturation at 94°C for 30 s, annealing at 60°C for 30 s and extension at 72°C for 1 min. This was done for a total of 39 cycles, and a final extension at 72°C for 10 min. Nuclease free water was used as a negative control while Escherichia coli (ATCC 25922) was included as non-specific DNA template.
Ten microlitres of the PCR products was electrophoresed in 1.5% agarose gel containing 3 lL of 10 mg mL À1 GelRed at 80 V for 45 min. One hundred base pair marker (Phenix Research products, Candler, NC, USA) was used as a molecular size ladder. The amplified DNA bands were examined on a transilluminator and the sizes of the amplified PCR products were taken as positives at 500 bp of the molecular size ladder.
DNA sequencing and sequence analysis
To study the gene products further and conduct phylogenetic analysis, 10 positive samples of D. congolensis were selected for sequencing. The PCR products of D. congolensis were sequenced directly using Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) with the forward amplification PCR primers and AmpliTaq-FS DNA Polymerase.
Bioinformatics analysis
The sequences of 10 D. congolensis were blasted according to Altschul et al. (1990) against existing sequences in the GenBank anchored by National Center for Biotechnology Information (NCBI). The nucleotide sequences were aligned using BIOEDIT and the phylogenetic analysis was carried out using MEGA 5.2 software programme. Bootstrap confidence values were obtained with 100 resamplings.
Results
PCR amplification
The results of the amplification of the D. congolensis isolates from infected cattle are presented in Fig. 1 16S rRNA gene of a band at approximately 500 base pairs (bp).
Sequence analysis of the amplified PCR products
Using sequences retrieved from GenBank, the aligned D. congolensis sequences from 10 positive samples analysed had between 94% to 99% homology with the sequence of D. congolensis satellite DNA in the GenBank (Table 1) .
Alignment of nucleotide sequences of 10 strains of D. congolensis
The alignment of the nucleotide sequences of 10 positive strains of D. congolensis organism isolated from infected cattle are shown below in Fig. 2 and Table 2 . Variations in the aligned nucleotide sequences were observed as points of alterations, deletions and insertions.
Phylogenetic analysis of D. congolensis from infected cattle Figure 3 shows the analysis of the phylogenetic relatedness of strains of D. congolensis organisms from infected cattle as examined in the study using 100 bootstrap values. Nocardia brasiliensis; NR 074743.01 and Streptomyces sp.; JN 400114.1 were included in the phylogenetic tree as non-members of the genus Dermatophilus. The result indicates three different clades of bacterial pathogens and reveals a striking genetic diversity between the isolated D. congolensis organisms and the other bacteria pathogens which are non-members of the genus Dermatophilus (P ˂ 0.05).
Discussion
The results obtained from the amplification of a 500 bp fragment of the 16S ribosomal RNA gene of D. congolensis agrees with the works of previous researchers; Han et al. (2007) ; Shaibu et al. (2010) . Using the PCR technique, we were able to confirm 51 of the 54 isolates as D. congolensis (Fig. 4) . The study revealed great similarities in the nucleotide sequences of all the 10 positive isolates of D. congolensis sequenced. The observation of nucleotide similarities within isolates of D. congolensis had also been previously reported by Shaibu et al. (2011) . These conserved regions may be responsible for a shared functionality of the encoded genes across the strains sequenced. However, some areas of nucleotide variations were observed in the study, which could be due to evolutionary changes of the organism to changing host immunity or mutations caused by drug effects over a period of time.
The result from the phylogenetic analysis revealed that D. congolensis, though closely related to N. brasiliensis (NR 074743.01) and Streptomyces sp. (JN 400114.1), belongs to different clusters in the phylogenetic tree. This result confirmed the isolates from the study as D. congolensis and further revealed that N. brasiliensis is more closely related to D. congolensis than Streptomyces sp. It had been previously reported that colonies of D. congolensis have great semblance with those of Nocardia spp. and Streptomyces spp. (OIE, 2008) which all belong to the same order, i.e. Actinomycetales.
Two strains of D. congolensis from the study clustered with previously reported strains of D. congolensis elsewhere outside the study areas both within Nigeria and outside the shores of Nigeria while the remaining eight clustered out separately.
The results from this study also indicate that there is more genetic resemblance between strain D 363 from the study and strains DSM44180, NBRC105199, C 2 and D.C16SrRNA obtained from GenBank. In the same vein, strain D 362 from the study is closely related to strains S 3 and S 2 obtained from the GenBank.
It is worth mentioning that strain D 362 from the study was obtained in the same geopolitical zone (North Central Nigeria) as strains FJ 708621.1 and FJ 708620. 
Conclusion
This study further indicates that the PCR technique is a preferable technique to the conventional culture technique for the confirmation of D. congolensis organisms during epidemiological surveys. Similarities of nucleotide sequences observed in all the 10 positive PCR products imply structural and functional conservation. Phylogenetic analysis revealed that minimal genetic diversity occurred between the strains of D. congolensis from the study. It can also be deduced that of the 10 strains of D. congolensis sequenced, two can still be accommodated in the previously listed strains available in the GenBank while the remaining eight may be different strains of D. congolensis.
